Four-corner fusion for the treatment of scapholunate advanced collapse (SLAC) or scaphoid nonunion advanced collapse (SNAC) consistently leads to good function with satisfactory grip strength and pain relief.
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1
Several studies have reported satisfactory results with four-corner fusion and scaphoid excision with approximately 50% range of motion and 80% strength in comparison with the opposite wrist with low nonunion rate.
2-8
Watson and Ballet 9 initially used Kirschner wire fixation for stabilization of the four-corner fusion. Different fixation techniques have been used afterward to achieve fusion, namely, staples, screws, and plates.
4,10-13
Satisfactory results regarding improvement of pain and subjective measures have been reported with each of these methods; however, complications have been observed in different studies, such as continued pain, nonunion, dorsal radiocarpal impingement, and hardware problems. 7, 8, [13] [14] [15] [16] The aim of this study was to evaluate the functional and radiographic results of a scaphoid excision and four-corner fusion using a dorsal circular plate fixation technique and compare our results with those reported in the literature.
Methods
After review approval, we identified 20 patients who had scaphoid excision and four-corner fusion between 2009 and 2011. The study included 2 females and 18 males. The average age was 54 years (35-83). The dominant hand was affected in 85% of the study group.
The mean follow-up period was 30 months weeks, and at final follow-up. We radiologically assessed consolidation, nonunion, hardware impingement on the distal radius, and correct hardware placement (center of plate positioned over intersection of lunate, triquetrum, capitate, and hamate). Union was detected clinically by absence of tenderness at the fusion site and radiologically by solid union between lunate, capitate, and triquetrohamate joints. Radiographic results in conjunction with each patient's clinical follow-up were used to evaluate the results, detect complications, and efficiency of the dorsal circular plate fixation in fourcorner fusion.
Results
Consolidation of the fusion was achieved in 18 patients (90%) at an average of 9 weeks (range, 7-12 weeks; ►Fig. 1A, B). Two patients (10%) showed nonunion and revision was done using iliac crest graft and Kirchner wires (K-wires).
Range of motion was reduced in extension by a mean of 17 degrees (range: 10-30 degrees, SD: 6) and in flexion by a mean of 18 degrees (range: 10-30 degrees, SD: 6); it was reduced in radial deviation by a mean of 8 degrees (range: 0-15 degrees, SD: 4) and in ulnar deviation by a mean of 9 degrees (range: 0-20 degrees, SD: 6; ►Table 1).
Mean grip strength at last follow-up was 68% of the uninjured hand (range: 39-100%). The mean VAS improved from In the final radiological assessment, five patients showed major complications, two showed failure of union, and a revision surgery was done using iliac crest graft and K-wires; three patients showed impingement between the plate and the dorsal lip of the radius and removal of plate was necessary (►Table 2).
Discussion
Four-corner arthrodesis has become an established and a reliable method to treat wrist arthritis, either SLAC or SNAC wrist in stage II and stage III, achieving a reasonable and functional pain-free range of motion. Different methods of fixation have been developed starting with K-wires by Watson and Ballet. 9 Recently, the introduction of nonlocking dorsal circular plate, that is fixed with screws to the dorsal surface of the bones, is preferred by many authors, and this method has recently gained popularity among other fixation techniques.
A postulated advantage of plate fixation over other fixation groups is the lower risk of infection compared with K-wire fixation group, as the implant is buried and this decreases the rate of pin tract infection and deep sepsis. Vance et al 13 had observed two cases of pin tract infection in 14 cases of fourcorner fusion using K-wires (14%), while in the plate fixation group, which included 27 cases, there was no infection observed. In our study, we observed no case of infection in the 20 cases managed with the nonlocking dorsal circular plate. The decreased incidence of nonunion is another postulated advantage of the plate fixation method, compared with other types of fixations. In a review of literature, 484 cases of four-corner fusion fixed with different fixation methods were identified (►Table 3), the average nonunion rate varied from 0 to 63%. We had 10% nonunion rate in our study, which is better compared with the results of Vance et al 13 who had seven patients with nonunion in their 26 patients treated with nonlocking plate. Also, compared with the study of Abbreviation: ROM, range of motion. Kendall et al, 18 our study showed more union rate. Kendall et al 18 had five nonunion in the eight cases after an average follow-up of 20 months. However, we cannot substantiate the postulation that one of the advantages of plate fixation method is lower nonunion rate; compared with other fixation methods in the literature, we had higher nonunion rate, for example, compared with Tomaino et al, 5 who had all cases united following fixation of four-corner fusion with either screws or K-wires. Ashmead et al 2 had only three cases of nonunion among 100 cases of four-corner fusion, using different fixation methods other than locking plates, which is considered as a better result compared with our study.
On the other hand, we had three cases (15%) that needed plate removal due to the dorsal impingement between the plate and the distal radius (►Fig. 2). Evaluation of the postoperative X-rays showed that the dorsal impingement was due to inadequate reduction of the lunate at the time of arthrodesis. Failure to reduce the lunate extension not only causes loss of carpal height, but also reduces the range of radiolunate motion. Furthermore, with wrist extension, the plate approaches the dorsal lip of the radius and causes impingement and pain. We believe, like Cohen and Kozin, 3 that adequate coaxial alignment of the capitate and lunate, with reduction of the dorsal intercalated segment instability, is essential to improve the outcome of the four-corner fusion and decreases the incidence of the dorsal impingement. In the study by Vance et al, 13 the author had six cases of dorsal impingement out of 22 cases (27%); we had better results compared with the former results, but we did remove the plate in these three cases, which we think is a disadvantage of this method of fixation compared with the easier removal of K-wires as an alternative method of fixation. Four-corner fusion is always associated with limited range of motion, the range of motion needed to perform activities of daily living differs in the literature. Palmer et al 19 determined that 5 degrees of flexion and 30 degrees of extension are adequate, whereas Ryu et al 20 showed that 40 degrees of each were required. In our study, the mean range of flexion and extension was 30 and 35 degrees, respectively, which is very near to the functional range of motion mentioned in the former studies. We also noted nearly similar or slightly better results in the ranges of flexion and extension to those reported by Vance et al 13 and Kendall et al 18 (►Table 4).
In a review of literature, we found the average grip strength to be 75% of the opposite side (range: 56-81%). In our series, we had 68% of average grip strength (range: 39-100%). The lower grip strengths in the two cases with nonunion were 39 and 44%, respectively, and excluding these two cases, we achieved 71% averaged power grip compared with the opposite side, which is comparable to other studies in literature (►Table 4).
The results of scaphoid excision and four-corner fusion using dorsal circular plate showed relatively good rate of union; nevertheless, the presence of dorsal impingement in three cases was considered to be a suboptimal outcome. The dorsal circular plate as a method of fixation is less forgiving to technical errors, and inadequate coaxial alignment between lunate and capitate, with failure to reduce the dorsal extension of the lunate, causes dorsal impingement and pain, which requires a revision surgery. We think that simpler fixation methods, using k-wires or the Herbert screws, are less demanding and give at least similar union rate with lower incidence of complex revision surgery. On the other hand, the continual improvement of the biomechanical properties of this fixation method, in addition to perfecting the surgical technique, might yield better results. Based on our results, we recommend to use K-wires or headless screws rather than dorsal plate fixation in four-corner fusion. 
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